Ranking available actions or alternatives with respect to multiple, often conflicting criteria is a problem of a major interest in information and engineering. Methodologies for addressing this problem have been developed from a variety of research disciplines. An investigation of existing methods shows that most existing methods suffer various drawbacks. These shortcomings include the non consideration of interactions or dependencies between criteria. To avoid it, we present in this paper, a multicriteria decision aid method for alternatives ranking called PromChoq. PromChoq is based on Promethee method, a well known multicriteria outranking method. To consider interaction between criteria, we introduce Choquet integral and -fuzzy measure. In order to facilitate to decision maker using PromChoq, we developed a tool which supports its main concepts. Finally, to exploit our contribution and to show its effectiveness, an empirical study of a real selection problem (teacher's selection in recruitment test) in the University of Tebessa in Algeria is presented.
INTRODUCTION
The most fundamental challenge faced by managers in both public and private sectors is the making of optimal decisions on problems that are multicriteria in nature. In recent times, the giant development in computer technology coupled with advance in theory has made decision analysis an indispensable tool in both government and in business as far as the making of multicriteria decision is concerned . It is worthwhile to note that the solution of a multicriteria problem does not only depend on the fundamental data employed in the evaluation table, but also on the decision maker [10] . There exists only a compromise solution, which partly depends on the preferences of each decision maker and as a result additional information representing these preferences is required to provide the decision maker with useful decision aid.
Multicriteria Decision Aiding (MCDA) is a field which aims at giving the Decision Maker (DM) some tools in order to enable him/her to solve a complex decision problem where several points of view must be taken into account. MCDA concentrates on suggesting "compromise solutions", taking into consideration the trade-offs between criteria and the DM's preferences [13] . The most important roles in the decision making process, based on multiple criteria analysis, play the DM and analyst. The DM is a person (or a group of people), who has a great impact on the decision making process. He/she expresses preferences, evaluates the situation, considers different solutions and approves final results. An analyst is an expert involved in every stage of the decision process. He/she recognizes the decision problematic, constructs the decision model of the situation, controls the data, explains consequences of certain decisions and selects the appropriate decision aiding tools.
Alternatively, multicriteria analysis (MA) is widely used for selecting or ranking alternatives in relation to multiple criteria [14] . They are, in particular, unable to adequately handle the subjectiveness and imprecision of the decision process and often impose a high cognitive effort on the decision maker (DM).
The application of fuzzy set theory in MA provides an effective means for modeling the subjectiveness and imprecision.. However, no single approach is exempt from criticism about its overall performance and practical use in tackling real problems. The approaches based on the aggregation model of preferences may be complex and hard to use. For the approaches developed in the context of multi attribute value theory, the ranking of the fuzzy value remains a challenging issue, as it is not straightforward but when the value function is reached, the prescription is immediately deduced from the aggregation preferences process [13] .
In outranking methods, we can distinguish two phases: aggregation and exploitation. The aggregation process corresponds to the operation, which transforms the marginal evaluations of separate criteria into a global outranking relation between every pair of alternatives, which is generally not transitive nor complete. The exploitation process deals with the outranking relation in order to clarify the decision through a partial or total preordering reflecting some of the irreducible indifferences and incomparability's [33] .
To some extent outranking relations offer a compromise between value functions and preference relations; their power of expressiveness is far beyond the one of value functions since they are good models for such phenomena as nontransitivity and incomparability. ELECTRE III, PROMETHEE and other methods for decision aid (e.g. [15] ; [33] ) build and exploit an outranking relation.
The decision-making process passes by several stages, and our work is registered under the problems of the competing actions classification (arrangement). There exist several multicriteria methods of analysis of decision-making aid, and which answer the problem of classification. Among these methods: PROMETHEE and ELECTRE method are most used. These methods are based on calculation of some index as: flow Net of each action by taking of account the various criteria of classification for PROMETHEE, and concordance, no concordance index, and different thresholds for ELECTRE.
However, the calculation of various indexes is based on the use of the balanced sum, which does not take into account the interaction between the criteria. Effectively, the most often used operator to aggregate criteria in decision making problems is the classical weighted arithmetic mean. However, in many problems, the criteria may interact and a substitute to the weighted arithmetic mean has to be adopted. For example, consider the problem of evaluating a given car based on three criteria {fuel efficiency, luxury, price}. A highly luxurious car generally comes with a higher cost. In this case, luxury and price form positive correlating criteria, and the evaluation will be an overestimate [32] . Therefore, to fill the limits of existing outranking methods and thus to help the decision maker classifying the competing actions, by taking into account several criteria and interactions between them; we propose a baptized method PromChoq based on: PROMETHEE method, the Choquet integral and the -fuzzy measure. Thereafter, we will clarify our contribution stage by stage before applying it for solving a real actions ranking problem (the classification of the candidates to the university education). PromChoq can effectively calculate the overall performance of each action, construct a complete order and exploit it to recommend to the DM a ranking of the actions.
In the following sections, we begin by providing some background on multi-criteria decision analysis area (Section 2), especially Promethee method, Choquet integral and fuzzy measure. Next, we describe the proposed process steps (Section 3). We then, illustrate it using a case study (Section 4) issued from Tebessa university in Algeria. The paper closes by outlining some conclusions and further research directions (Section 5).
BACKGROUND
In order to be as far as possible self-contained, we give in this section necessary introduction and definitions for Promethee method, Choquet integral and λ-fuzzy measure.
Promethee method: a multicriteria decision aid method
Decision making has been defined differently by various researchers. [34] formally defines decision making as "the study of identifying and choosing alternatives based on the values and preferences of the decision makers". According to [35] , decision making is "the cognitive process leading to the selection of a course of action among alternatives". It can be deduced from these two definitions that decision making involves DMs, options and selecting a final solution in a clear and transparent manner.
In real-world, most decision situations are complex demanding multiple perspectives from different point of view.
The classification of MCDA methods corresponds to the above classification of multiple criteria decision problems. Thus, one can distinguish MCDA [ 15] : -Choice (optimization) methods, -sorting methods, -Ranking methods.
The outranking approach consists first in building, on the set of actions, a relation (called outranking relation) to represent the preferences of the decision maker. This relation is neither necessarily transitive nor complete ("incomparability" is a key outranking concept). The second step is the exploitation of this relation in order to help the decision maker in the choice, or sorting, or ordering problems [14] . Besides, [37] have described the outranking approach not to be bound into a mathematical model but providing further exploitation and processes to support the decision maker to conclude to a "good" decision.
The Preference Ranking Organization Method for Enrichment Evaluations (PROMETHEE) is based on a principle of pairwise comparisons [10] ; [13] ; [27] . PROMETHEE has the following principles [26] : evaluation table, relative importance, and information on decision maker preference.
Evaluation table
We consider a problem with a set of possible actions A = {a, b, …} which are evaluated on a set of k criteria K = { k1, k2,.., kj}. We can suppose, without loss of generality that all the criteria have to be maximized.
In the evaluation table provide by PROMETHEE, alternatives are evaluated on the different decision criteria, and these evaluations involve essentially numerical data.
Information on decision maker preference
For each criterion a specific preference function must be defined and there are corresponding parameters and thresholds. This function is used to compute the degree of preference associated to the best action in case of pairwise comparisons. Then, six possible shapes of preference functions are available and described in [27] . Several typical shapes are proposed [27] for the preference functions like the linear, the step or Gaussian preference function (see figure 1 for the function shapes).
Fig 1. PROMETHEE preference functions.
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Relative importance
These pair-wise comparisons are aggregated to the positive and negative flows by using the weights Wj defined by the decision-maker.
PROMETHEE does not provided specific guidelines for determining these weights, but assumes that the decision maker is able to weigh the criteria appropriately, at least when the number of criteria is not too large [26] . Decision problem are required in a decision matrix, including m evaluation criteria, n alternatives and nxm evaluation.
PROMETHEE permits the computation of the following quantities for each criterion j (j= 1. . , k) and alternatives a and
For each alternative a, belonging to the set A of alternatives, P j (a,b) is an overall preference index of a over b, taking into account all the criteria, Φj+(a) and Φ j -(a). These measure respectively positive and negative preference flows for each alternative. The positive flow is expressing how much an alternative is dominating (power) the other ones, and the negative flow how much it is dominated (weakness) by the other ones. Φj(a) represents a value function, whereby a higher value reflects a higher attractiveness of alternative a. Φj(a) is the net flow of alternative a for criteria k. Then, based on these flows, the PROMETHEE I partial ranking is obtained.
The PROMETHEE I partial ranking provides a ranking of alternatives. In some cases, this ranking may be incomplete. This means that some alternatives cannot be compared and, therefore, cannot be included in a complete ranking. This occurs when the first alternative obtains high scores on particular criteria for which the second alternative obtains low scores and the opposite occurs for other criteria. The use of PROMETHEE I then suggests that the decision maker should engage in additional evaluation efforts [26] .
PROMETHEE II provides a complete ranking of the alternatives from the best to the worst one. It is based on the balance of the two preference flows, and the net flow is used to rank the alternatives. The information looks stronger but some parts of it get lost in the process. Obviously the PROMETHEE I and II rankings are influenced by the weights allocated to the criteria [26] .
Positive flow:
Where:
|A|: cardinal of the set of actions A; wj: weight of criteria kj; Pj(a,x): preference of action a over x on criterion kj.
K: number of criteria
This score represents the global strength of action a in comparison to all the other actions. Indeed, this score has to be minimized.
Negative flow:
This score represents the global weakness of a in comparison to all the other actions. Indeed, this score has to be minimized.
However, the two flows are usually combined to obtain the net flows defined as follows:
This leads to the complete PROMETHEE II pre-order:
Let us remark that the net flow can also be written as [Mareschal et al., 2008] : a) )/xϵA is the single criterion net flow of criterion Kj .
Interacting criteria and Choquet integral
All the multicriteria methods use the weighted arithmetical mean to incorporate information characterizing the preferences of the decision maker on the whole of the criteria [31] , this supposes that the criteria are preferentially independent. However, in reality, the criteria interact and the assumption of preferential independence is seldom checked.
Reference [31] gives an overview of different types of interaction among criteria that could exist in the decision making problem. Three kinds of interaction defined and described in [31] are as follows: correlation, complementary, and preferential dependency. Clearly, when such complex interactions exist among criteria, it is necessary to use a welldefined weighting function on a subset of criteria rather than a single criterion during global evaluation. One such methodology for evaluation is the Choquet integral [1] .
Thus, the integral of Choquet aims to improve the power of the multicriteria analysis by generalizing the weighted arithmetical mean by the taking into account of the interaction between the criteria. It also makes it possible to model the phenomena of interaction between criteria such as the correlation and the preferential dependence [25] .
In order to define the integral of Choquet formally, we introduce as a preliminary the concept of capacity, on which the integral of Choquet is based.
Definition 1 [1] . Capacity (μ): let N = {1, 2,…, N} a set of criteria. A capacity on N is a function μ:
Definition 2 [1] .Choquet Integral: Let μ is a capacity on N and F: NR a function representing the scores of an alternative on N criteria. The Choquet integral of F compared to μ is given by:
…,n with A i ={(i),(i+1),…,(n)},f((0))=0 and  is a permutation in N such as f((1))≤f((2))≤…≤f((n)).
Thanks to the use of a capacity, the integral of Choquet makes it possible to express preferences more sophisticated than the balanced sum.
Definition 3 [36]. fuzzy measurement:
A fuzzy measurement of a set X is a function g: 2 X  [0, 1] such as the following conditions are satisfied:
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Or g (A) indicates the weight of importance for a set A. the fuzzy measurement of A is called additive if: g(AB)
g ( 
The value of  has three cases, as follows: i= 1, …, n
PROMCHOQ: A MCDA FOR ALTERNATIVES RANKING
We consider a problem with a set of alternatives: A = {a,b,c,…}, which are evaluated on a set of j criteria = {k 1 , k 2 . , k j }.
In the table of evaluation, the alternatives are evaluated on the various decision criteria, and these evaluations imply primarily numerical data.
The Promchoq method is proposed and employed to obtain the full ranking of the alternatives (actions). As depicted in Figure 2 , PromChoq is composed by four (4) steps. Compared with Promethee method, step 1 and step 2 are the same just for the calculation of monocriterion flow we use the formula (monocrterion flow  of the action a i by taking in account the criterion k):
As deference with Promethee method, PromChoq uses in step 3 the Choquet integral as aggregation operator and fuzzy measure technique, in order to add the possibility to take in account the dependence between the criteria.
Step 3 and 4 are presented below.
Fig 2. PromChoq steps.
Step 3. Calculation of net flow for each action
The objective of this step is to calculate net flow for each action (alternative), with PROMETHEE method, using the following balanced sum:
…, N (criteria).
But as we explained in section 2.2, the balanced sum suffers from several limits, and thus, PROMETHEE method does not hold the interaction between the decision criteria. What poses constraints to use PROMETHEE method, for the problems of actions ranking, in the case, where the decision criteria interact between them.
To tackle that we propose to integrate the Choquet integral as operator of aggregation, because the Choquet integral was proposed to generalize additive measurements. This integral is based on the notion of the capacity like already explained in section 2.2. To do so, we use the technique λ-fuzzy measure, to calculate the capacity of each subset of criteria in order to take into account the interaction between the decision criteria's.
By using the equation of fuzzy measurement: +1=π i (λg i +1) i=1,…,n; we can calculate the value of λ. therefore the capacity for example of two criteria (i,j) which interact between them:
Then, by using the Choquet integral this capacity, we can calculate the Net flow of each action (a i ):
C(a i )= ∫ d= ∑[ k (a i )- k-1 (a i )](A i ).
Or: (A i ) is the total score of the subset of criteria A i .
In other words, we must calculate nets flows of each alternative with regard to all of the criteria: C (A 1 ); C (A 2 ); C (A 3 ); C (A 4 );...
Step 4. Actions ranking
According to net flow of each action, there will be a descending order of flow what gives us a classification of the actions from the best one.
In order to help DM using PromChoq, we developed a tool which allows the automation of the competing actions classification (Figure 3) . It was developed in JAVA under the NetBeans platform.
Step 1: The choice of the preference function
Step 2: Calculation of monocriterion flow for each action
Step 3: Calculation of net flow for each action
Step 4: Alternatives (actions) ranking
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The graphical interface contains seven interactive menus: with the launching of PromChoq, a principal window including the deferent functions of the application is posted. The decision maker has the possibility of filling the deferent forms, to seize the deferent criteria with their weights, and to choose the preference function of each criterion, and also s/he can seize the actions to be classified with its information.
Fig 3. PromChoq tool-main menu
In the next section, we apply PromChoq to a real case study.
CASE STUDY
The previous section presented PromChoq and discussed advantages when using it. This section aims to operationalize it with a real-world system by using a case issued from Tebessa university (Algeria). The problem statement and the results of applying PromChoq are discussed below.
Problem statement
The present study was undertaken within the university of Tebessa in Algeria. The goal is classifying the candidates for the recruitment of teachers to the university by considering a set of well-defined criteria. Thus, it acts, according to the terminology adopted by [15] , of arrangement problem (Pγ).
The process to solve this problem articulates around four principal steps:
1-Identifying the whole of the actions (candidates) to classify;
2-Drawing up a coherent list of classification criteria's;
3-Evaluating the performances of each action (candidate) according to the various criteria;
4-Applying the procedure of aggregation, to classify these candidates according to their total performances.
Firstly, we formulate the above problem by defining the set of actions, criteria, and the goal as follows.
Actions. = {a 1 ,a 2 ,…a m } -set of candidates on which criteria is to be evaluated.
Criteria. In our case, the selection and the evaluation of the candidates in the recruitment of teachers, in higher education are based on the following five criteria:
C 1 : the correspondence between the specialty of training of the candidate, and the requirements of the station required.
C 2 : the additional training of the diploma in the same field. C 3 : work and studies carried out by the candidate in his field.
C 4 : cumulated track records of the candidate.
C 5 : the result of the discussion with the jury of the selection.
Their weights are respectively w 1 , w 2 , w 3 , w 4 and w 5 .
Goal. Within this case study, the candidates must be arranged by decreasing order of priorities in order to direct the efforts and to help the team of the administration in charge of the selection, to select the best candidates who satisfy the deferent classification criteria's.
PromChoq application
First, the criteria' weights are presented in the table below: we had the weights of the selection criteria after the study of the decree of the public function ministry which describes the recruitment conditions. For the candidates constituting the set of the actions, the scores were allotted in function to each of the five criteria. The results of these notations are gathered in the performances table. In our case, we have 5 candidates, who had the notes presented in Figure 4 . Where each candidate is evaluated in function of each criterion from the selection criterions set. These two steps do not constitute steps of the method, but they present entry parameters for Promchoq method.
Step 1. The choice of the preference function For our case we chose the function of the usual criterion. Because, to classify the candidates, even a very small difference between the evaluations of two candidates: cand1 and cand2, by taking in account the criterion Cr i (gj (cand1) -gj (cand2)), it gives us a strict preference for the action having the evaluation most raised between the two candidates.
Fig 4: evaluation matrix
At the end of this step, we obtain a matrix of the preference function for each criterion. Figure 5 shows the obtained result for the first criterion.
Example:
According to the criterion C 1 :
The candidate cand1 is not preferred to candidate cand2 according to C 1 .
The candidate cand1 is highly preferred to candidate cand5 according to C 1 .
Fig 5: matrix of preference functions
Step 2. Calculation of monocriterion flow
In this step we calculated the monocriterion flow of our candidates with taking in account each criterion. The obtained results are presented in Figure 6 . 
This flow presents the weakness of the cand1 with taking in account criteria C 1 , comparatively to the others candidates.
Step 3. Calculation of net flow
In this step we calculated the net flow of each candidate with taking in account the entire selection criterion. The results of calculations are presented at the figure blow.
Fig 7: net flow
Example: This net flow presents the weakness of the cand1 with taking in account of all the selection criteria, comparatively to the others candidates.
Step 4. Alternatives ranking
After obtaining the net flow of each candidate, we arranged these values in descending order, to obtain the candidate arrangement.
The result is presented below in Figure 8 .
Fig 8: Candidates ranking
In addition to the final arrangement, results of an analysis of sensitivity to the variation of the weights allotted to the criteria. The table gives the intervals inside which we can vary the weight associated with the criterion considered, without the final classification not being affected (it should be noted that this variation relates to only one criterion at the same time). This reveals that the final classification is nevertheless rather stable. 
Criterion
Discussion and comparison
In the previous section, we studied a practical case of application having for goal to use the multicriterion method PromChoq within the real data. We had the evaluations of five candidates out of five criteria determined by the administration of the university.
The developed method produces good performances in term to order the candidates, by the calculation of Net flow of each candidate, by taking into account all the criteria and their interactions, the classification is done by arranging flows in a decreasing order, This facilitates the interpretation of the results by the user.
In conclusion, these results show that the developed procedure can be applied successfully in the classification's problem in the multicriterion decision-aid field.
To show the effectiveness of Promcoq method we made a comparison study between it and PROMETHEE method (using an associated tool called PROMCALC for the same input data). The obtained results indicate that the improved method is more precise. Thus, each action is positioned compared to its flow Net.
CONCLUSION AND PERSPECTIVES
The decision-making aid is a very wide and complex field. To help a decision maker to choose the best solution in a new field is a difficult task. In this paper, the objective of our work was to set up a multicriterion method of analysis of decisionmaking aid, to solve the classification problems. To achieve this goal, we treated the methods known in the field of decision-making aid. Then, we studied PROMETHEE method considered as being adopted more for the classification. However, we noted that it has limits in the real situations, as regards taking into account the interaction of the criteria. PromChoq, the method presented in this paper may be considered as an extension to Promethee method to overcome this limit. To do so, we used -fuzzy measure to evaluate weights of each sub-set of criteria and Choquet integral as an aggregation operator to obtain a global score for each alternative. To help decision maker to use our method, we implemented it in the NetBeans, which is portable and open source, to give a robust and effective tool to the user to classify alternatives.To show the utilisability and the effectiveness of PromChoq, our suggested method, we applied it and then Promethee method to a real case of classification of teachers candidate in a recruitment competition. After comparison, the obtained result was considered as very promising.
Our future work includes further improvement of PromChoq method and applying it to further real cases. Two possible areas for exploration, for example, would be the integration of fuzzy measurement, i.e. taking in account of the situations or the decision maker is hesitant and he has not a clear preference and the combination between this method and AHP (Analytic Hierachy Process) method [7] , to profit from its advantage of the hierarchisation of the decision levels.
